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1. General

All reagents and solvents were obtained from commercial suppliers and used
without further purification unless noted otherwise. The silica-gel column
chromatography was performed using silica gel (200300 mesh). All reactions were
run under argon atmosphere unless otherwise stated. Nuclear magnetic resonance
(NMR) spectra were recorded on a JEOL JNM-ECZ500R ('H 600 MHz, '*C 151 MHz)
spectrometer. Chemical shifts are expressed in parts per million (ppm) relative to
tetramethylsilane (8 0.00 ppm). 'H and 13C NMR spectra are referenced against the
residual solvent peak (CDCl; 6y = 7.26 ppm, CDCl; 6¢ = 77.16 ppm). The high-
resolution mass spectra (HRMS) were conducted on Thermo fisher scientific exactive
plus LC-MS (ESI) mass spectrometer. UV-vis-NIR spectra were recorded on
SHIMADZU UV-2700 spectrophotometer in dichloromethane.
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2. Synthetic procedures

2.1 Synthesis of 2
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Scheme S1. Synthetic Route of 2

Compound s2: s2 was prepared according to previous literature.!

Compound 2: Compound s2 (150 mg, 0.25 mmol, 1.00 equiv.), compound s1 (250 mg,
1 mmol, 4.00 equiv.), Pd(PPh;), (43 mg, 0.0375 mmol, 0.15 equiv.) and K,CO; (173
mg, 1.25 mmol, 5.00 equiv.) were added to a 25 mL round-bottom flask equipped with
a stir bar. After the flask was evacuated and refilled with argon 3 times, degassed 1,4-
dioxane (7.0 mL) and water (1.0 mL) were transferred to the flask via syringe. The
mixture was stirred at 95 °C for 24 h. After cooling down to room temperature, the
aqueous layer was extracted with dichloromethane (DCM) (25 mL) for three times. The
combined organic layers were washed with brine and dried with Na,SO,, filtered and
concentrated under reduced pressure. The residue was then purified by silica gel column
chromatography with petroleum ether/DCM (20:1 — 3:1, v/v) as eluent to give the
compound 2 (160 mg, 0.021 mmol, 93%) as a white powder solid. 'HNMR (600 MHz,
CDCl,) 6 8.82 (d, J=8.7 Hz, 2H), 7.73 (d, /= 8.5 Hz, 2H), 7.53 (s, 2H), 7.34-7.28 (d,
4H), 7.20-7.02 (m, 12H), 2.46 (s, 6H), 1.32 (s, 18H). 3C NMR (151 MHz, CDCl3) §
149.6, 138.7, 138.4, 138.3, 136.1, 135.9, 131.0, 130.7, 130.5, 129.4, 128.5, 125.6,
125.4, 124.7, 122.2, 34.4, 31.3, 15.7. HRMS analysis (ESI): calculated for C4gH4S,
[M+H]*: 687.3114, found: 687.3102.
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2.2 Synthesis of 2TP
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Scheme S2. Synthetic Route of 2TP

Compound 2TP: A 100 mL Schlenk flask charged with the Compound 2 (21 mg, 0.03
mmol, 1.00 equiv.), and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (16 mg,
0.072 mmol, 2.40 equiv.) was purged with argon for ten minutes. Dry DCM (30 mL)
was added to make a clear solution. The mixture was then cooled down to —10°C under
argon atmosphere. After stirring at —10 °C for 15 minutes, TfOH (0.3 mL) was added
at —10 °C. The mixture immediately turned black upon the addition of TfOH. The
mixture was stirred at —10°C for 2 h and then quenched by pouring it into sat. aq.
NaHCO; (10 mL). After stirring vigorously for 15 minutes, the aqueous layer was
extracted with DCM (30 mL) for three times. The combined organic layers were
washed with brine and dried with Na,SO,, filtered and concentrated under reduced
pressure. the crude product mixture was purified by silica gel column chromatography
(DCM/petroleum = 1/20 to 1/2, v/v) gave 2TP, then recrystallization from CHCls/
CH;O0H, and drying in vacuum as a white solid (9 mg, 0.12 mmol, 43%). '"H NMR (600
MHz, CDCls) 6 9.03 (dd, J = 15.5, 8.8 Hz, 4H), 8.87 (s, 2H), 8.80 (d, /= 9.1 Hz, 2H),
8.71-8.65 (m, 4H), 8.60 (d, /= 2.0 Hz, 2H), 7.85 (dd, J = 8.6, 2.0 Hz, 2H), 7.65 (dd, J
=8.6, 1.9 Hz, 2H), 2.73 (s, 6H), 1.58 (s, 18H). 13C NMR (151 MHz, Tetrachloroethan-
d2) 6 150.2,137.7,130.8, 130.2, 129.9, 128.3, 128.1, 127.8, 127.4, 126.4, 126.0, 125.0,
124.6, 123.7, 122.4, 121.3, 120.7, 120.5, 119.5, 74.2, 35.3, 31.7, 29.9. HRMS analysis
(ESI): calculated for C4sH4,S, [M+H]": 683.2801, found: 683.2801.
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2.3 Synthesis of TP

Pd(PPhs)s, NaSMe

DMSO, n-BuOH

Br 110°C, 18 h

Scheme S3. Synthetic Route of TP

Compound TP: A 50 mL Schlenk flask charged with the Compound S3 (58 mg, 0.15
mmol) and NaSMe (105 mg, 1.5 mmol, 10.00 equiv.) were added under a positive
pressure of nitrogen, then DMSO (6 mL), n-BuOH (6 mL) and Pd(PPh;), (17 mg, 0.148
mmol, 0.10 equiv.) were added, and the suspension was heated to 110 °C in an oil bath
for 18 hours. After cooling down to room temperature, the aqueous layer was extracted
with dichloromethane (DCM) for three times. The combined organic layers were
washed with brine and dried with Na,SO,, filtered and concentrated under reduced
pressure. The residue was then purified by silica gel column chromatography with
(petroleum ether/DCM/ = 50/1 to petroleum ether/DCM = 10/1, v/v) afforded the
compound TP (36 mg, 0.11 mmol, 75%) as a white powder solid. HRMS analysis
(ESI): calculated for C,0H S, [M]+: 320.0688, found: 320.0682.

'H NMR and BC NMR of TP are published in the literature.?
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2.4 Synthesis of 2TP-Core

O O Q DDQ, CF3SO3H
(O~ A
-10°C,2h

2-Core 2TP-Core

Compound 2TP-Core: 100 mL Schlenk flask charged with the Compound 2-Core (18
mg, 0.03 mmol, 1.00 equiv.), and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)
(16 mg, 0.072 mmol, 2.40 equiv.) was purged with argon for ten minutes. Dry DCM
(30 mL) was added to make a clear solution. The mixture was then cooled down to —
10°C under argon atmosphere. After stirring at —10 °C for 15 minutes, TfOH (0.6 mL)
was added at —10 °C. The mixture immediately turned black upon the addition of TfOH.
The mixture was stirred at —10°C for 2 h and then quenched by pouring it into sat. aq.

NaHCOj; (10 mL). After stirring vigorously for 15 minutes, the aqueous layer was
extracted with DCM (30 mL) for three times. The combined organic layers were
washed with brine and dried with Na,SO,, filtered and concentrated under reduced
pressure. the crude product mixture was purified by silica gel column chromatography
(DCM/petroleum = 1/20 to 1/2, v/v) gave 2TP-Core, then recrystallization from
CHCIl;y/ CH30H, and drying in vacuum as a white solid (6 mg, 0.11 mmol, 35%). 'H
NMR (600 MHz, CDCls) 6 9.06 (t, J= 8.8 Hz, 4H), 8.93-8.86 (m, 4H), 8.77 (d, /=4.4
Hz, 6H), 7.85 (dd, J = 8.3, 2.0 Hz, 2H), 7.78-7.71 (m, 4H), 1.59 (s, 18H). *C NMR
(151 MHz, Tetrachloroethane-d,) 6 150.31, 130.86, 130.57, 130.29, 130.12, 130.00,
128.58, 128.52, 128.44, 127.82, 127.56, 126.65, 124.92, 124.20, 123.50, 122.59,
121.74, 119.83, 35.47, 31.89.
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3. X-Ray Crystallography
3.1 Experimental details on crystal growth

Single crystals of 2 (Colorless transparent needle) obtained by slowly evaporating
Toluene-MeOH (1:3, v/v) solution at room temperature.

Table S1. Crystallographic data and structure refinement details for 2.

Compound 2

CCDC Deposition number 2525092
Empirical formula CssHssS,

Formula weight 779.10
Temperature/K 100.4(9)

Crystal system monoclinic

Space group P21/n

a/A 8.53820(10)

b/A 22.3478(3)

c/A 22.2413(3)

a/° 90

p/e 90.8700(10)

v/° 90

Volume/A3 4243.37(9)

z 4

pcalcg/cm3 1.220

wmm-1 0.920

F(000) 1664.0

Crystal size/mm3 0.21 x 0.06 x 0.05
Radiation micro-focus metaljet (A = 1.3405)
20 range for data collection/°4.874 to 110.748
Index ranges -10<h<8,-27<k<26,-27<1<26
Reflections collected 28383

Independent reflections 8062 [Rint = 0.0412, Rsigma = 0.0404]
Data/restraints/parameters ~ 8062/399/619
Goodness-of-fit on F2 1.059
Final R indexes [[>=2c (I)] R1 =0.0405, wR2 =0.1066
Final R indexes [all data] R1 =0.0488, wR2 =0.1121
These data can be obtained free of charge from The Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data request/cif.
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3.2 Single-crystal Structure and Packing of 2

Figure S1. X-ray crystallographic structures of 2 (thermal ellipsoids shown at 75%
probability, hydrogen atoms were omitted for clarity).

Figure S2.The packing structure of 2.
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4. The photophysical properties
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Figure S3. Absorption spectra of TP, 2 and 2TP in DCM solutions. (1.0 x 107> mol/L
in DCM).
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Figure S4. Liquid fluorescence emission spectra of TP, 2 and 2TP in DCM solutions.
(1.0 x 107> mol/L in DCM for liquid fluorescence emission spectra).
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Table S2. Spectroscopic Characterizations of TP, 2 and 2TP.

gmax

compound Jabs [NM] (105 M- em-] Jem [nm] D [%]
TP 315 4.68 401 3
2 297 4.95 403 5
2TP 335 5.02 441 13

The absolute fluorescence quantum yields (@f) are measured by using an
integrating sphere detector.’ In CH,Cl, solution, @ value increases with the
ladderization of the backbone in 2 (5%) and 2TP (13%), which is also attributed the
enhancement of structural rigidity that suppresses the non-radiative transition.
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5. Electrochemistry

Electrochemical measurements were performed at room temperature using a
Metrohm Autolab PGSTAT204 potentiostat. Cyclic voltammetry (CV) and differential
pulse voltammetry (DPV) were conducted in a conventional three-electrode system,
comprising a glassy carbon working electrode (1.5 mm diameter), a platinum wire
counter electrode, and an Ag/AgCl (3 mol L' KCI) reference electrode. The
commercial supporting electrolyte salts, Na|BArF24] and ["BusN][PFs], were purified
by recrystallization prior to use. ["BusN][BArF] was synthesized according to a
literature procedure.* Measurements were carried out in dry DCM with analyte
concentrations ranging from 0.1 to 1 mM.
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Figure S5. CV and DPV of TP, 2 and 2TP (1.0 X 10™* M) in DCM solutions containing
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0.1 M BuyNPFg at a scan rate of 0.1 V/s and room temperature.

6. STM-BJ measurements

Single-molecule conductance measurements were performed at room temperature
using the scanning tunneling microscope break-junction (STM-BJ) technique. The
experiments were conducted in a solution of 1,2,4-trichlorobenzene (TCB, Sigma-
Aldrich, >99.5%) containing 0.5 mM of the target molecule, with a constant bias
voltage of 100 mV applied between the gold electrodes. The stretching rate of the gold
electrodes was first calibrated following a previously established method® by repeatedly
forming and breaking Au point contacts in pure TCB solvent as a control. The resulting
1D and 2D conductance histograms exhibited direct tunneling characteristics without
clear plateaus, confirming a molecule-free gap in the control experiments. The relative
displacement within the conductance range from 10~ to 10° Go was calibrated using
the measured tunneling decay constant (B = —5.5 nm™). The calculated displacement
over this range is Az = [log(10°¢) — log(10)] / B = 0.36 nm.

Furthermore, the snap-back distance has also been calculated.’ Because a perfect
linear atomic chain of gold has a conductance of G, we assume that log(G/G,) = —az,
where z = 0 corresponds to the point where the distance between the terminating gold
atoms is equal to the equilibrium gold—gold separation. As the measured separation Az
= Z — Z.om, Where 7o, 1 the snap-back distance, a plot of log(G/Gy) versus Az has a
slope of -a and an intercept of —az ;. The electrode stretching rate could be calibrated
by measuring the conductance G versus Az ranging from 10 to 10-¢ Gy to fit the slope
and the intercept. From the repeated measurements, we obtained a displacement
distribution of the intercepts extended from the range of 10 to 10 Gy to a range of 10
03 t0 1060 Gy, in which the 1003 G is the zero—set point of the conductance—distance
curve. The most probable displacement was found to be 0.5 nm, in agreement with our
previous studies, which is the snap-back distance previously calibrated in the gold
electrode system.

An automated control program was used to identify plateaus in the results by
applying preset conductance ranges. We measured the solution containing the target
molecule and calculated the conductance range of the target molecule. In the case that
a selected threshold is reached in the conductance range, which means a stable
molecular junction is formed, the piezoelectric movement is paused, keeping the
molecular junction within such a conductance range of 100 ms. The measurement mode
is then changed to the /- measurement mode with a bias range of +1.5 V. If the
measured conductance is still within the predetermined range, the measured /-V curve
is collected for subsequent statistical analysis.

The estimation of conductance suppression by the twisted conformation is
conducted by the linear function that describes the relationship between conductance
and the twisted angle (0).° By transforming the function from absolute conductance
value to the relative conductance suppression (%), the suppressed conductance ratio
could be expressed as:
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Gporcentage = 9758 X cos” 6 + 1.58

The 6 in planar 2TP is set to 0, and the  in twisted molecule 2 is obtained from
the optimized structure as 53.4°. Thus, if the conductance of molecule 2 was controlled
solely by the conformation, it should be about 0.9 orders lower than that of molecule
2TP.

As the transition voltages of the molecular junction are asymmetric, the energy

offset of the nearest conductive orbital was calculated as follow:7-8
elv, v_|

10V, v_|
Vi v

Where V. is the transition voltage found in the positive range and V. is the
transition voltage found in the negative range.
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Figure S6. Histograms of pure solvent. From left to right, one-dimension conductance
histogram, two-dimension conductance histogram and the relative displacement
distribution determined from 1003 Gy to 109 G, for the calibration of the stretching
rate of the electrodes pair.
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Figure S7. Typical conductance—displacement traces of TP, 2 and 2TP.
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Table S3

. The transition voltage values of TP, 2 and 2TP.

the positive

the negative

compound transition voltage transition voltage
TP 087V —0.81V
2 1.10V 097V
2TP 1.07V 093V
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7. Calculated details

All density functional theory (DFT) calculations were performed as follows.
Ground-state geometry optimizations and frequency analyses were conducted using
Gaussian 16 (Revision C.01)? at the 6-31G(d,p) level of theory.!? The solvation effects
of dichloromethane (DCM) were incorporated via the integral equation formalism
variant of the Polarizable Continuum Model (IEF-PCM), with a standard state of 1 M.!!
Vibrational frequency analyses confirmed that optimized structures were either local
minima (no imaginary frequencies) or first-order saddle points (one imaginary
frequency) on the potential energy surface. These analyses also provided thermal
corrections to obtain Gibbs free energies at 298.15 K. The intrinsic reaction coordinate
(IRC) path was traced for each transition state to verify its connection to the correct
reactants and products.

High-accuracy single-point electronic energies were computed on the optimized
geometries using ORCA 5.0.4!%15 at the RI-0B97M-V/def2-TZVP level of theory,
employing the def2/J auxiliary basis set.!6-1° The solvation model based on density
(SMD) was applied with a standard state of 1 M.2° To ensure accuracy, the geometrical
counterpoise (gCP) correction?! was applied to mitigate basis set superposition error
(BSSE), and Grimme's quasiharmonic correction?? was employed with the Shermo 2.4
program?? to derive thermochemical properties at 298.15 K. Optimized molecular
structures were visualized using VMD 1.9.3.%

To identify the most suitable functional for excited-state calculations, time-
dependent DFT (TD-DFT) calculations were benchmarked against experimental data.
These benchmarks were performed with Gaussian 16 using the 6-31G(d,p) basis set and
IEF-PCM (DCM, 1 M standard state), testing a range of functionals: B3LYP-D3(BJ),
PBE0-D3(BJ), PBE38, CAM-B3LYP, ®B97XD, and M06-2X.23-?° The benchmarking
results identified PBEO-D3(BJ) as the functional providing the closest agreement with
experimental data, and it was therefore employed for all subsequent TD-DFT analyses.

To further elucidate the photophysical properties, the energy diagrams and frontier
molecular orbitals of TP, 2 and 2TP are calculated by the time-dependent density
functional theory (TD-DFT) method (Figures S17-19).3° The lowest energy absorption
bands of 2 and 2TP are attributed to the S; — S; excitation, which mainly arises from
the HOMO-1 — LUMO+1 transition and HOMO — LUMO-+1 transition respectively.
The results also show an oscillator strength (f) of 0.95 for 2 and 1.28 for 2TP. Moreover,
the lowest energy absorption bands of TP is attributed to the S; — S¢ excitation arisen
from the HOMO-1 — LUMO+1 transition and displayed a oscillator strength (f) of
0.32.

The molecular structures were optimized using the B3LYP/6-31G* level6 of
theory in the Gaussian16 package.’ Following potential energy surface scanning with
generalized internal coordinates (GIC), two distinct stable conformations were
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identified and further optimized.

The charge transport properties of these molecular junctions were calculated after
geometry optimization within the density functional theory (DFT) framework,
employing the combined DFT and non-equilibrium Green's function (NEGF)
formalism. These calculations were conducted using the Quantum Atomistix ToolKit
(ATK, Q-2019.12 version).3! During device modelling, the two gold (111) electrodes
consist of a unit cell 13x10 and the extension region thickness is seven gold layers to
guarantee rational molecular device modelling. A pyramid-shaped gold cluster with six
layers was employed to form the stable contact with the target molecules. In the NEGF-
DFT calculations, we adopted the exchange-correlation Generalized Gradient
Approximation (GGA) with the Perdew-Burke-Ernzerh (PBE) parameterization for
molecular device calculations. we used FHI pseudopotentials and a double-C polarized
(DZP) atomic orbital basis set (except for double-C for gold atom). Exchange-
correlation effects were handled at the Perdew-Burke-Ernzerh (PBE) exchange-
correlation generalized gradient approximation (GGA) level. The real-space grid used
a 150 Hartree cut-off, with a default 4x4x150 k-point grid in the calculation of the
transmission spectrum. The optimization of geometry and adsorption in ionic liquids at
zero bias was optimized using the convergence criterion of 0.02 eV/A. Transmission
spectra calculation was conducted with sampling of 7%7 k-points.
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7.1 Calculated molecular geometries

Front view

l m Side view

Top view

Figure S10. Molecular geometry of TP optimized by DFT calculation.

Side view

Top view

Figure S11. Molecular geometry of 2 optimized by DFT calculation.
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Side view

Top view

Figure S12. Molecular geometry of 2TP optimized by DFT calculation.
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7.2 Frontier molecular orbitals

LUMO -1.27 eV

4.35eV

HOMO -5.62 eV

Figure S13. The frontier molecular orbitals of TP calculated at the B3LYP/6-31G(d)
level of theory.

LUMO -1.31 eV

4.31 eV

HOMO -5.62 eV

Figure S14. The frontier molecular orbitals of 2 calculated at the B3LYP/6-31G(d) level
of theory.

S22



LUMO -1.56 eV

3.83 eV

HOMO -5.39 eV

Figure S15. The frontier molecular orbitals of 2TP calculated at the B3LYP/6-31G(d)
level of theory.
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7.3 Electronic structures and molecular aromaticity

Table S4. The aromaticity values of TP by density functional theory (DFT) calculations
based on B3LYP/6-31G(d)

NICS (+1)

NICS (-1)
Ring NICS(0) NICS(+1) NICS(-1) NICS(+1)z
1 -8.61 -10.46 -10.46 -23.84
2 291 -6.17 -6.17 9.92
3 -8.61 -10.46 -10.46 2425
4 -9.07 -10.97 -10.97 -26.35
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Table S5. The aromaticity values of 2 by density functional theory (DFT) calculations
based on B3LYP/6-31G(d)

NICS (-1)
Ring NICS(0) NICS(+1) NICS(-1) NICS(+1)zz
1 -9.03 -10.54 -10.48 -26.49
2 -8.88 -10.55 -10.48 -25.90
3 -6.23 -8.29 -9.22 -17.91
4 -8.88 -10.55 -10.48 -25.90
5 -9.02 -10.52 -10.48 -26.44
6 -8.63 -10.47 -10.22 -28.37
7 -8.63 -10.47 -10.22 -28.40
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Table S6. The aromaticity values of 2TP by density functional theory (DFT)
calculations based on B3LYP/6-31G(d).

% >
« g NS (+1) "">' V
£

A’-"‘u

NICS (-1)
Ring NICS(0) NICS(+1) NICS(-1) NICS(+1)zz,

1 -8.59 -10.12 -10.73 -22.79

2 -2.84 -6.59 -5.96 -10.63

3 -7.60 -9.78 -10.17 -22.12

4 -6.79 -7.25 -11.12 -15.35

5 -7.59 -9.79 -10.15 -22.14

6 -2.52 -6.30 -5.69 -9.79

7 -8.52 -10.06 -10.67 -22.62

8 -8.89 -11.83 -9.80 -26.67

9 -9.16 -12.03 -10.03 -27.31
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Figure S16. Anisotropy of the induced current densities (ACID) of TP by density
functional theory (DFT) calculations based on B3LYP/6-31G(d).

Figure S17. Anisotropy of the induced current densities (ACID) of 2TP by density
functional  theory  (DFT) calculations based on  B3LYP/6-31G(d).
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7.4 TD-DFT calculation
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— S —— PBEO-D3(BJ) —~ 40l <
‘TE 1.0 -,’I ' PBE38 A 1.0 . . . 1.0 g,
(%) \ wB97XD (3] [ \ )
‘% 0.8n | - - - - Experiment TE 08 ' 108 g
vé 0.6 "‘ ""c_ "\ 0.6 %
% 04 T 04r 0.43

00 I S L Y ) | I | 1 I L 00

300 350 400 300 350 400

Wavelength (nm) Wavelength (nm)
Table S7. Major electronic transitions for TP by TD-DFT method using B3LYP-

D3(BJ)/6-31G(d,p).

Transitio Ener Wavelength Osc.
gy - Major contributions

n (eV) (nm) Strength
H-1>L:34.1%; H> L+1:
S1 3.8050 325.85 0.0021 ’
63.6%;
S2 3.8492 322.10 0.2708  H-1>L+1:7.7%; H> L: 90.9%;
H-3>L:10.1%; H> L+2:
4.1504 298. .01 ’
S3 50 98.73 0.0139 81.2%:
S4 43131 287.46 0.0279 H-2>1L1:91.9%;

H-3>L+1:19.0%; H-1 > L:
S5 4.3728 283.54 0.1328 42.3%; H-1>L+2:5.0%; H>
L+1:27.0%,;
H-4 > L: 5.4%; H-3 > L: 29.1%;

6 44110 281.08 0.3245

S H-1>L+1: 54.2%;

H-3>1+1:19.2%; H-1 > L:
4.4314 279.78 0.0225 ’

57 797 11.6%; H-1 > L+2: 58.3%;

S8 4.5314 273.61 0.0131 H-2 > 1+1: 89.2%;
-3>1L1L:55.0%; H-1 > L+1:
S9 4.6318 267.68 0.1134 H-3>L:55.0%; H-1 > L+1

27.9%; H>L+2: 6.1%;
H-4 > L+1: 6.4%; H-2 > L+2:
84.3%:;

S10 4.7648 260.21 0.0237
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Table S8. Major electronic transitions for 2 by TD-DFT method using PBE0-D3(BJ)/6-

31G(d,p).
Transitio Energy Wavelength Osc. Major contributions
n (eV) (nm) Strength
H-1>1L:62.7%; H>L+1:
S1 3.7453 331.04 0.0053 7 26.5‘;); o
H-1>L1L+1:20.9%; H>L:
S2 3.9329 315.25 0.1789 g +74.5%; n R
H-1>L+1:70.1%; H> L:
S3 4.1423 299.31 0.9493 7 +19.2%; wh
H-2>L:16.0%; H-1 > L: 26.5%;
S4 4.1891 295.97 0.1450 g H>LJ::46.8>°A>; v
H-3>L+2:5.4%; H-2> L:
S5 4.3854 282.72 0.0151 67.2%;+H - L+;: 15.5;);
H-3 >L: 50.5%; H-2 > L+1:
S6 4.4954 275.80 0.0047 28.;%; .2 >0L+2: ;9(;;;
H-4 > 1L+1:9.5%; H-3 > L:
S7 4.6029 269.36 0.0295 25.6°>A>; :1_2 - Lil: 44j%;
H-5>L:45.9%; H-4 > L: 5.8%;
S8 4.6290 267.85 0.0818 i > Li2: 34;%; ’
H-5>1:5.2%; H-4 > L: 66.6%;
S9 4.6879 264.48 0.0020 7 .3 > (I)jrl: 9;%; ’
S10 4.7652 260.19 0.0102 H > L+2: 80.7%;
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1.4
1.2+
1.0F
0.8r

/10% (M"'-cm™)

“ 04l
02l
0.0

06 /

—— B3LYP-D3(BJ)
CAM-B3LYP

— M062X
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PBE38
wB97XD
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300

Table S9. Major electronic transitions

350

400 450

Wavelength (nm)

D3(BJ)/6-31G(d,p).

——PBE0-D3(BJ) 11.6
- =~ Experiment | 14
11.2
11.0
10.8
10.6
104 8
410.2

0.0

cillator Strength

350 400 450
Wavelength (nm)

for 2TP by TD-DFT method using PBEO-

T itio E Wavelength Osc.
ransitio nerey aveiens > Major contributions
n (eV) (nm) Strength
H-1>1L: 6.9%; H-1> L+1:
S1 3.2993 375.79 0.0049 ’
24.7%; H > L: 58.5%;
H-1>1L:52.0%; H>L: 7.5%; H
S2 3.4551 358.84 0.0497 ’ ’
> L+1: 33.9%;
H-1>L:33.7%; H-1> L+1:
S3 3.5993 344.47 1.2790 ’
5.2%; H> L+1: 54.8%;
H-2>1L1:10.1%; H-1 > L+1:
S4 3.7458 330.99 0.1679 47.8%: H > L: 22.6%:
H-3>1L:35.7%; H-2 > L+1:
S5 3.7776 328.21 0.0210 12.4%; H-1 > L+2: 26.8%; H >
L+3: 13.5%;
H-4>1L:11.1%; H-3 > L+1:
8.9%; H-2 > L: 8.9%; H-1 > L+1:
S6 3.9721 312.14 0.0073 ’ i
5.2%; H-1>L+3:12.6%; H-1 >
L+4: 6.3%; H> L+2: 24.8%;
H-3>L+1:14.1%; H-2 > L:
S7 4.0412 306.80 0.0238  34.3%; H-1>L+1: 10.0%; H-1 >
L+3:15.8%; H>L+2: 6.7%:;
H-2 > L: 24.8%; H-1 > L+3:
S8 4.1244 300.61 0.0023 ’
7.7%; H> L+2: 40.5%;
H-3>1L:32.5%; H-1 > L+3:
S9 4.1861 296.18 0.0203 ’
7.7%; H> L+3: 38.3%;
H-5>1L:9.0%; H-2 > L+1:
S10 4.2200 293.80 0.0298 51.4%; H-1 -=> L+2: 11.6%; H-1

> LA+5: 8.0%:;
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Figure S18. Energy diagrams and frontier molecular orbitals of TP calculated at the
B3LYP-D3 (BJ)/6-31G(d,p) level of theory.
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Figure S19. Energy diagrams and frontier molecular orbitals of 2 calculated at the

PBEO0-D3 (BJ)/6-31G(d,p) level of theory.
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Figure S20. Energy diagrams and frontier molecular orbitals of 2TP calculated at the
PBEO0-D3 (BJ)/6-31G(d,p) level of theory.
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7.5 Theoretical calculations of transport properties
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Figure S21. Fowler—Nordheim plots and Fitting plots of TP, 2 and 2TP.

Table S10. The calculated orbital levels of TP, 2 and 2TP junctions.

TP 2 2TP
LUMO 1.37 eV 1.24 eV 1.23 eV
HOMO -1.67 eV -1.72 eV -1.43 eV
Ex -095eV -0.73 eV -0.56 eV
AEL umo-HOMO 3.04eV 2.96 eV 2.66 eV
€ 0.72 eV 0.99 eV 0.87¢V
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Table S11. Molecular projected self-consistent Hamiltonian (MPSH) and HOMO-1, HOMO, LUMO LUMO+1 and DOS (EF) of TP, 2, and 2TP
from devices calculated by Quantum ATK. Isoval = 0.02 e/A3.
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8. NMR spectra
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Figure S22. '"H NMR spectrum (600 MHz, Chloroform-d) of 2.
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Figure S23. 3C NMR spectrum (151 MHz, Chloroform-d) of 2.
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9. Mass spectra
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Figure S30. HRMS analysis (ESI) of TP
Calculated for CyoH 6S, [M]*: 320.0688, found: 320.0682.
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Figure S31. HRMS analysis (ESI) of 2
Calculated for C4Hy6S, [M+H]™: 687.3114, found: 687.3102.
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10. Cartesian coordinates of optimized structures
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.10067800
.12407700
.15226200
.32426900
.31081400
.04204800
.88740400
.86631800
.10679800
.05612800
.01459100
.04100900
.08833000
.14225200
.83375000
.86111900
.16121100
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.65807300
.26822300
.25735700
.40600800
.97959500
.21387600
.20546700
.98902900
.41538300
.94403400
.12772300
.60168300
.42336400
.41234200
.58830900
.15212800
.96671100
.97581900
. 24407900
. 80418000
.18661200
.12721200
.94937200
.47261300
.25036500
.23614500
.10658700
.92878000
.49893000
.74435600
.34634800
.13961700
.64168000
.79618200
.44335700
.16668000
.62823400
.80553200
.36083600
.34416900
.78914600
.62573100
.16435800
.36060800
.94012100
.93165500
.34974000
.91543900
.93319200

WwWhwupbhoudbobPbPUuwuiuodDwWURWNOONWER

Lo
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-0
-1
-3
-3
-1
-0
-0
-1
-0
-0

.69252900
.99883100
.00429200
.21741800
.27034100

. 28046800

.28058300
.27042700
.21710600
.07710400
.21350700
.30765100
.16609000

.17788000
.31708000
.20751500
.06843200
.53919900
.80727100
.58601100
.42071500
.34793900
.45678600
.54426300
.29997700
.20083600

.07127200
.61442600
.38852000
.06903800
.58634500
.33173300
.43776800
.95912500
.45126300
.48488700
.72461300
.16611700
.88164300
.88177800
.16648900
. 72740500
.48641700
.04663000
.67418800
.28397500
.04936500
.27632000
.69877400

$49

.20490100
.20695500
.19224500
.05220600
.04292500
.15686500
.15096000
.03808100
.03599000
.95980900
.91867500
.01951400
.96333300
.98461700
.04474200
.91094500
.95571400
.32489400
.55614500
.24356500
.13722300
.06395500
.69351600
.98842700
.12457000
.07117600
.05558500
.04086300
.32733800
.39264400
.27352800
.21535900
.53077400
.37043300
.22778500
.65336800
.60930500
.83890400
.75928600
.78315600
.87294000
.57381900
.62920600
.18701000
.19761700
.54816900
.16637900
.54778200
.19025300
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.83104300
.46704700
.71603100
.43497400
.87743000
.57172800
.73639100
.45471800
.69229800
.67313300
.48783000
.85138200
.59198200
.89757100
.65538000
.09444800
.83835100
.20752300
.78364900
.05983800
.67541900
.07700600
.80541300
.22885700
.85567100
.11167600
.74951500
.07021600
.02229000
.11266300
.77027600
.05738400
.72315100
.02983200
.73115800
.09322000
.75037500
.03684100
.70260500
.01052300
.24701500
.19446500
.70098300
.50194700
.96612700
.39179100
.47841100

.09885800
.07504800
.92541100
.76438400
.73347800
.94853300
.92563400
.76471200
.28583000
.28602400
.07634600
.10062500
.94973100
.73401500
.50618700
.76932300
.93716400
.91780500
.66702600
.45961600
.50471800
.45978500
.67006000
.91561800
.93278000
.77019300
.83537500
.19078000
.23172800
.94457200
.16624000
.33308500
. 24906200
.01624900
.83734200
.94780200
.17005900
.33541700
.24969500
.01643900
.46818200
.12351200
.29784700
.01300000
.93247000
.15568800
.23445400

S50

1
OO0 ODOIOOOOOO®

-0.

-1.
-0.

1.
-1.

-1.

. 77405900
.89991700
.54185000
.13705300
.21382800
.39203600
.54043000
.13523400
.46879600
.46792500
.89513800
.76641200
.38502400
. 20978600
.15256700
.44256200
.40123000
.08178300

12825100

.07937200
.14874800
.08353300
.13499100
.07647500
.39898300
.44053300
.19106800
.00447100
.01647400
.54364200
.56828900
.23417200
.11236400
.13276500
.18593700
.53991700
.56303600
.22642100
.12086200
.14009900
.25859600
.06551200

40439200
35099200
39517800
05306800
10960600
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.45822900
.27552700
.29501000
.35105200
.96653700
.21161300
.19309400
.98752600
.37148400
.05964100
.34298100
.85197300
.87050000
.36520200
.07720000
.67808400
.54664000
.19520200
.65856100
.52517900
.17414200
.89556600
.43729600
.80778700
.81592100
.85065600
.77623500
.92656300
.32370600
.33507300
.01598100
.61256200
.02293600
.52093000
.93850900
.41148800
.42966700
.93536200
.34381300
.33777700
.15660700
.88912500
.35732800
.90839200

-10.17595800

S51

.24004300 -1.10499500
.95690900 0.37231000
.95688900 0.36532700
.01990300 1.00952100
.97352300 1.24061800
.06787900 -1.00912900
.06836600 -1.00715900
.97532000 1.23482400
.02231900 0.99911300
.83304600 0.75395900
.87083300 0.64300300
.62132900 -0.30160700
.61904800 -0.31214100
.87077000 0.64333300
.83224500 0.75329200
.06099600 -0.81288700
.30170000 -0.27522800
.17053000 0.32826900
.06480200 -0.81141500
.30455600 -0.26611500
.17046700 0.33841900
.34734500 0.17411700
.58329900 -0.47100700
.47922000 1.26265300
.02622100 1.01941700
.26047900 0.91194200
.04968600 2.07582900
.35790600 -2.17755800
.19800600 -1.47575800
.43522100 -1.63410100
.97949300 -0.39967900
.53043900 -1.32874100
.40155500 0.39457300
.87815900 1.36413400
.16025800 1.69717800
.30224700 2.17332800
.69036700 -2.04459500
.10707900 -1.10261800
.38215100 -0.83017700
.03945900 0.12626100
.30416700 1.24067600
.95337900 0.60077500
.03875800 0.11933900
.95411700 0.59011300
-2.30726500

1.23601400
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